Evaluation of data quality and effective use of District Health Information Software 2 (DHIS2) in monitoring malaria and vaccination programs in Mali, 2024.
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Abstract:
Introduction: The District Health Information Software 2 (DHIS2) is a free open-source software platform for data collection, analysis, visualization, and sharing. It is the most widely used platform within the health information system worldwide. It is implemented in Mali for service delivery, monitoring, and evaluation of health programs. The aim is to assess data quality and the effective use of DHIS2 in monitoring malaria and vaccination programs. Materials and Methods: This is a secondary analysis of DHIS2 survey data from a mixed cross-sectional study conducted from September 2023 to September 2024. Results: The use of DHIS2 has improved data quality by enhancing completeness and timeliness to 91.7%. Internet connectivity issues were most frequently identified as a factor preventing the use of DHIS2 at 83.3%. The adoption of the DHIS2 allowed the identification of malaria cases in 30%. DHIS2 made it possible to identify community health centers with low vaccination coverage in 30% and to carry out activities in these districts to raise their level by 20%. It improved the archiving and securing of real-time data in 36.1% and saved time by 43%. Conclusion: The evaluation of DHIS2 made it possible to determine the level of DHIS2 performance and to identify some of its strengths and weaknesses.
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Introduction
DHIS2 (District Health Information Software 2 - DHIS2) is a free open-source software platform for the collection, analysis, visualization, and sharing of data. It is the most widely used platform within the health information system (HIS) globally [1]. To date, more than 80 countries, including many in developing regions, have adopted and implemented DHIS2 as the main information system for managing health information systems (HIS) in order to generate data to formulate, manage, plan, implement, monitor, and evaluate health services and programs effectively. Approximately 3.2 billion people live in these countries where DHIS2 is used. This open-source configurable platform provides tools to collect, analyze, visualize, share, and validate individual and aggregated data [1,2].
The DHIS2 software, as well as some of its modules and monitoring tools, is implemented in Mali for the EPI and programs to fight HIV, tuberculosis, and malaria for service delivery and program monitoring and evaluation. DHIS2 modules are used to improve the availability, quality, and use of program data and to enhance health systems and health outcomes through informed decision-making [3].
The Global Fund to Fight Malaria has invested to help countries use DHIS2 for aggregated reporting and is interested in using the DHIS2 tracker for individual-level data collection. More than 30 countries in Africa and Asia have installed the WHO-recommended modules in their Health Information Management System (HIMS) to support their EPI and malaria programs. This system has made it possible to identify gaps in vaccination coverage, monitor malaria rates, reduce stock wastage, optimize cold chain management, and ensure follow-up of vaccination reports. In addition, the implementation of the DHIS2 tracker system has improved compliance with national vaccination schedules, supported campaign monitoring, ensured case management, and reduced dropout rates [1,4].
Malaria is a major public health problem, particularly in low-income countries such as Mali. Children under the age of 5 and pregnant women are the groups most affected by this disease, making it a priority of the national health policy. Thus, for several decades, numerous efforts have been made through the national strategy for malaria control, which focuses on prevention and case management [5]. Malaria is the leading cause of morbidity (37.7%) and mortality (24.4%) in Mali; globally, Mali is among the ten countries where the number of malaria cases and deaths is the highest. Mali accounts for 6% of malaria cases in West Africa [6].
Vaccination is an essential component of the human right to health and an individual, collective, and governmental responsibility, and must be recognized as such. It is estimated to prevent 2.5 million deaths each year. By being protected from vaccine-preventable diseases, vaccinated children can grow up under good conditions and fully realize their potential. These benefits are further enhanced by vaccinations during adolescence and adulthood [7]. The Expanded Program on Immunization (EPI), initiated by the WHO in 1974, aims to combat vaccine-preventable childhood diseases. The goal of the EPI is to make vaccines accessible to all children worldwide, and it is the most effective and least costly means to significantly reduce infant mortality [8].
Despite the perceived effectiveness of the DHIS2 implementation, there are many obstacles to the effective implementation of DHIS2, including the increased workload of health workers, the shortage of human resources, Information and Communication Technology (ICT) infrastructures and internet connectivity, system complexity, lack of support and budget, as well as low administrative interest [9,10]. The introduction and implementation of DHIS2 have led to different experiences and successes depending on the country. To our knowledge, few large-scale studies have been conducted to determine the effectiveness of DHIS2 and the use of data to improve the monitoring of vaccination and malaria programs. 

Materials and Methods
This was a secondary analysis of data from a mixed cross-sectional study on DHIS2. It covered the period from September 2023 to September 2024. The population consisted of health center staff/community workers involved in data collection at the health center/district level (DTC, focal points, and SIS in charge). We used all the data in the database.
The data were collected from two sources: (1) DHIS2 data generated by the routine health information system; (2) qualitative data collected at the national level and at the 6 sub-national levels during a survey conducted as part of the project. The collected data were entered, processed, and analyzed using Excel software. The results were presented in tables and charts.
To address ethical considerations, the confidentiality and anonymity of the information collected were respected. The protection of the respondents will be ensured by the research team. An authorization letter will be obtained from the national-level health offices to interview participants of the same level or a lower level. Oral informed consent will be obtained from each study participant after informing them of the objective, the method, and the expected benefits.

Results
The results are organized around three main areas: the frequency of DHIS2 use to improve the quality of data in malaria and vaccination health outcomes in Mali; the measurement of DHIS2 adoption and use and changes in health outcomes in Mali; the performance conditions of the DHIS2 system in Mali. We conducted a secondary analysis of data concerning 6 health districts in Mali. 
The districts of Kayes, Bafoulabe, Ségou, Niono, and Niéna all have a completeness rate of 100% over the 5 years. The Ségou district almost reached this level of perfection with a rate of 99.2%. However, the Koutiala district shows lower performance compared to the others, with a rate of 78.8% (Table 1). The districts of Kayes, Bafoulabe, Ségou, Niono, and Niéna show remarkable timeliness rates over the 5 years.The districts of Kayes and Bafoulabe have the highest rates, being respectively 91.7% and 79.7%. 

Koutiala has the lowest timeliness rate at 6.5% (Table 2). The use of DHIS2 has modified the quality of data by improving these dimensions of completeness and timeliness to 91.7% (Table 3). 
DHIS2 has allowed better identification of malaria cases in 30%, follow-up and improvement of outcomes in 30%, and adherence to treatments and coverage in 13% (Table 11). Analysis, monitoring and evaluation, planning, and decision-making were the changes most observed in 33.3% (Table 12). DHIS2 made it possible to identify community health centers with low vaccination coverage in 30% of responses and to target lower-performing districts and carry out activities in these districts to increase vaccination coverage and reduce the number of children with zero vaccine doses in 20% (Table 13). The contribution of DHIS2 improved data archiving and security by 36.1%. And also brought changes in the availability and accessibility of real-time data in 30.5% (Table 14).
Insecurity and lack of resources were the factors that affected the performance of DHIS2, at 25% and 16.6% respectively (Table 16). The obstacles that affect the optimal adoption of the DHIS2 platform were marked by internet connection instability at 55.5%, platform disruption at 25% during its update, and insufficient computer tools at 14% (Table 17).
Discussion / Comments On the frequency of DHIS2 use to improve data quality in malaria and vaccination health outcomes in Mali In our study, all health districts reached a completeness rate of 100% except for the districts of Ségou and Koutiala, which had 99.2% and 78.8% respectively, for an average of 96.33%. This result is higher than that of the national survey in 2018 (84%) [11], and Shama et al. in Ethiopia in 2021 (60%) [12], and lower than that of Traore B et al. in Mali [13], who found a completeness of 100%. This could be explained by the fact that their study only concerned the Tombouctou health district, whereas this study was national and concerned several regions.
Regarding timeliness, only the district of Bafoulabe had a satisfactory rate at 91% according to the national threshold. Timeliness is therefore considered good if the number of reports submitted on time out of the expected reports is greater than 80% [11]. With an average of 61.25%, our result is lower than those of Traore B et al., Shama et al., Kebede et al. in 2020 in Ethiopia and Burkina Faso in 2020, who found timeliness to be 92%, 93.7%, 72.2%, and 82% respectively [12–15]. And higher than the national level in 2018 (51%) [11]. This rate does not reflect good performance, which could be explained by the lack of mastery of primary data collection tools, the mobility of trained staff, and also the workload.
On the measures of adoption and use of DHIS2 and changes in health outcomes in Mali The adoption of DHIS2 led to better identification of malaria cases by 30%, with monitoring and improved outcomes in 30% and adherence to treatments and coverage by 13%. It also brought changes in analysis, monitoring and evaluation, planning, and decision-making in 33.3%. DHIS2 also enabled the identification of community health centers (CSCom) with low vaccination coverage in 30% of responses and the targeting of lower-performing districts and conducting activities in these districts to increase vaccination coverage and reduce the number of children with zero vaccine doses by 20%. DHIS2 improved archiving and data security in 36.1%. It also brought changes in the availability and accessibility of real-time data by 30.5%.
On the performance conditions of the DHIS2 system in Mali
The obstacles affecting DHIS2 were the absence and instability of the internet connection in 55.5% of cases; this result is lower than that of Traore B et al. and the national level in 2018 (at 67% and 69% [11,13]) and higher than that of Shama et al. at 31% [12]. These difficulties in accessing the internet in our context can be explained by network instability, power outages, failures of solar panels and generators, thereby disrupting the network quality. Despite these difficulties in accessing the internet, health workers were able to submit reports to the hierarchical level and enter data regularly, most often on time.
Insecurity was one of the factors affecting DHIS2 performance at 25%; this result is lower than that of Traore et al., which was 37% [13].This insecurity can be explained by the fact that there is terrorism, conflicts, and inter- and intra-community tensions in the country, especially in the central and northern parts, and Traore et al.'s study was in a northern region (Timbuktu). Insecurity can be the cause of the mobility of residents and also the lack of access to primary data by the agents. The lack of resources is also one of the factors affecting the performance of DHIS2 at 16.6%; this can be explained by the lack of computer equipment or computer equipment in poor condition, as well as the insufficient number of qualified personnel for SIS management.
Conclusion
The evaluation of DHIS2 made it possible to determine the level of DHIS2 performance and to highlight some of its strengths and weaknesses. Apart from the completeness and timeliness of the reports, secondary data analysis did not allow us to analyze other dimensions of quality such as: consistency, comprehensiveness, integrity, and confidentiality.
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